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PRGHUQEULGJH HQJLQHHULQJ LPSO\ZLGHU VSDQV VPDOOHU UDGLXVRIFXUYDWXUH DQG LQFUHDVHG FROXPQ VNHZQHVV$VD
UHVXOW RI LQWURGXFWLRQ RI WKHVH JHRPHWULF FRQGLWLRQV WKH EULGJH EHFRPHV DQ LUUHJXODU VWUXFWXUH ZLWK LUUHJXODU
EHKDYLRXUXQGHUERWKYHUWLFDODQGKRUL]RQWDOORDGV
'HVLJQLQJEULGJHVZLWKKRUL]RQWDOFXUYDWXUHDVZHOODVEULGJHVZLWKVNHZHGFROXPQVLVJHQHUDOO\LQDGHTXDWHO\
FRYHUHGZLWK&RGHVDQG*XLGHOLQHV IRUGHVLJQRIEULGJHV ,QRQHRI LWVSDUWV WKH(1FRGH IRUGHVLJQLQJ
HDUWKTXDNHUHVLVWDQWVWUXFWXUHVGLVFXVVHVEULGJHVZLWKVNHZHGFROXPQVSUHVFULELQJDGGLWLRQDOWRUVLRQHIIHFWVGXHWR







7KLV WRSLF KDV EHHQ DQDO\]HG E\ VHYHUDO SDSHUV 7RQGLQL DQG 6WRMDGLQRYLü >@ LQ WKHLU UHVHDUFK DQDO\]H WKH
LQIOXHQFHRI WKHUDGLXVRIFXUYDWXUHDQGWKHKHLJKWRIFROXPQVRQG\QDPLFSURSHUWLHVDQGVHLVPLFUHVSRQVHRI WKH
EULGJH7KHUHVHDUFKZDVFDUULHGRXWRQEULGJHVZLWKFROXPQVZLWKVLQJOHFLUFXODUFURVVVHFWLRQ7KHUHVXOWVVKRZHG
WKDW LQ VRPH FDVHV WKH UHGXFWLRQ RI UDGLXV RI FXUYDWXUH OHDGV WR LQFUHDVHG FRPELQDWLRQ RI PRGDO UHVSRQVHV LQ
ORQJLWXGLQDODQGYHUWLFDOGLUHFWLRQ,WZDVIRXQGWKDWWKHUHGXFWLRQRIWKHUDGLXVRIFXUYDWXUHOHDGVWRDQLQFUHDVHLQ
HODVWLF VWLIIQHVV DQG VKHDU FDSDFLW\ RI WHVWHG EULGJHV 7KH HIIHFW RI FROXPQ VNHZQHVV RQ VHLVPLF UHVSRQVH ZDV
LQYHVWLJDWHG IRU VWUDLJKW EULGJHV >@ >@ ,W ZDV FRQFOXGHG WKDW LQFUHDVLQJ FROXPQ VNHZQHVV DOVR LQFUHDVHV WKH
VWUXFWXUDOYXOQHUDELOLW\HVSHFLDOO\IRUEULGJHVZLWKVHDWW\SHDEXWPHQWV)XUWKHUUHVHDUFKZHUHDOVRUHFRPPHQGHG
LQYROYLQJYDULDWLRQV LQ WKHVKDSHRIFHQWUDOFROXPQV LQIOXHQFHRIVNHZHGFROXPQVRQFXUYHGEULGJHVDQDO\VLVRI
VKRUWEULGJHVDQDO\VLVRIFROODSVHDQGRWKHUOHYHOVRIGDPDJH
7KLVSDSHUDQDO\]HVWKHG\QDPLFSURSHUWLHVRIUHLQIRUFHGFRQFUHWH5&WUHHVSDQIUDPHEULGJHZLWKER[JLUGHU









UHODWLRQ WR WKH D[LVRI WKHEULGJHZHUH FRQVLGHUHG RR DQGR DQG WKUHHYDOXHV IRU WKH UDGLXVRIKRUL]RQWDO






VWUXFWXUH 7KH FRQQHFWLRQ EHWZHHQ WKH FROXPQ DQG WKH GHFN VWUXFWXUH ZDV PRQROLWKLF 7KH FURVVVHFWLRQ RI WKH
FROXPQEHQWVDUHWZRFLUFXODUFROXPQRIPGLDPHWHUZLWKWKHFDSEHDPLQWHJUDWHGLQWKHGHFNVWUXFWXUH$ERYH
WKH DEXWPHQWV WKH EULGJH VWUXFWXUH UHVWV RYHU  HODVWRPHULF EHDULQJ ZLWK DOORZHG PRYHPHQWV LQ ORQJLWXGLQDO
GLUHFWLRQ7KHFKDUDFWHULVWLFVRIFRQFUHWHFRUUHVSRQGWRFODVV&7KHTXDOLW\RIUHLQIRUFHPHQWLV%%
7KHVWUXFWXUHZDVFDOFXODWHGXVLQJDVSDWLDOOLQHDUPRGHOFRQVWUXFWHGLQWKH6$3YVRIWZDUHSDFNDJH>@
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ZKHUH WKH FROXPQV DUH UHVWUDLQHG LQ IRXQGDWLRQ DOO PRYHPHQWV DQG URWDWLRQVZHUH SUHYHQWHG WKH GHFN VWUXFWXUH
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WKHGHFNVWUXFWXUH7KHFROXPQZDVPRGHOOHGDVDXQLTXH'LQHODVWLFHOHPHQWWKDWVWDUWVIURPWKHWRSRIIRXQGDWLRQ
DQG HQGV DW WKH ERWWRP RI WKH GHFN VWUXFWXUH JLYHQ WKDW VLJQLILFDQW QRQOLQHDU EHKDYLRXU FDQ EH H[SHFWHG LQ WKH
FROXPQV +HUH WKH LQHODVWLF EHKDYLRXU ZDV PRGHOOHG XVLQJ WKH SULQFLSOH RI GLVWULEXWHG QRQOLQHDULW\ 7KH FURVV
VHFWLRQZDV GLYLGHG LQWR WKHPDWHULDO RI WKH FRQFUHWH FRUH  FRQILQHG FRQFUHWH FRQFUHWH RI WKH SURWHFWLYH OD\HU 
XQFRQILQHG FRQFUHWH DQG UHLQIRUFLQJ VWHHO $W WKH OHYHO RI FURVV VHFWLRQ WKH VWUHVVVWUDLQ VWDWH ZDV REWDLQHG E\
LQWHJUDWLQJ WKH QRQOLQHDU XQLD[LDO VWUHVVVWUDLQ UHVSRQVHV RI LQGLYLGXDO ILEUHV WR ZKLFK WKH FURVVVHFWLRQ ZDV
GLYLGHG7KHSDUWRIWKHFROXPQZLWKLQWKHGHFNVWUXFWXUHZDVPRGHOOHGXVLQJDULJLGHODVWLFOLQNHOHPHQW$EXWPHQW
ZDVPRGHOOHG DV DPDVVOHVV LQILQLWHO\ VWLII HOHPHQW ZKRVHZLGWK LV HTXDO ZLWK WKH GHFN VWUXFWXUH 7KHPDVV RI
DEXWPHQWVZDVQHJOHFWHGEHFDXVHLWLVQRWH[SHFWHGWRKDYHDVLJQLILFDQWLQIOXHQFHRQWKHRYHUDOOUHVSRQVHRIORQJ
EULGJHV7KLVHOHPHQWLVFRQQHFWHGWKURXJKDULJLGMRLQWWRWKHGHFNVWUXFWXUHLQLWVFHQWUH$WWKHHQGVRIWKLVHOHPHQW





3.1. The results of modal analysis 
%ULGJHJHRPHWU\LVH[SHFWHGWRVLJQLILFDQWO\DIIHFWPRGDOFKDUDFWHULVWLFVRIWKHEULGJHVWUXFWXUH0RGDODQDO\VLV
ZDVFRQGXFWHGDQGSHULRGVDQGVKDSHVRIYLEUDWLRQREWDLQHGIRUDOOWKUHHYDOXHVRIFXUYDWXUHVWUDLJKWEULGJHZKLFK




$QJOHRIVNHZGHJUHHV 5 m 5 m 5 m
   
   
   
7DEOH3HULRGVRIILUVWORQJLWXGLQDOYLEUDWLRQPRGHLQVHFIRUDQDO\]HGVNHZDQJOHDQGUDGLXVRIFXUYDWXUH
$QJOHRIVNHZGHJUHHV 5 m 5 m 5 m
   
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  
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7DEOH(IIHFWLYHPRGDOPDVVSDUWLFLSDWLRQIDFWRUIRUVWUDLJKWEULGJH5 LQILQORQJLWXGLQDO/DQGWUDQVYHUVDO7GLUHFWLRQ
0RGH 6NHZR 6NHZR 6NHZR
 / 7 / 7 / 7
      
      
      





0RGH 6NHZR 6NHZR 6NHZR
 / 7 / 7 / 7UDQV
      
      
      
Ȉ      

)RUDOODQDO\VHGEULGJHSURWRW\SHV WKHIXQGDPHQWDO WRQHRIYLEUDWLRQZDV LQ WUDQVYHUVHGLUHFWLRQ5HGXFLQJ WKH














5HGXFLQJ WKH UDGLXV RI FXUYDWXUH LQFUHDVHV WKH FRXSOLQJ RI PRGDO UHVSRQVHV LQ WZR KRUL]RQWDO GLUHFWLRQV ,Q
FXUYHG EULGJHV ERWK WKH WUDQVYHUVH DQG ORQJLWXGLQDO PRGHV KDYH VLJQLILFDQW PRGDO GLVSODFHPHQWV LQ WKH RWKHU
408   Nina Serdar and Radomir Folić /  Procedia Engineering  156 ( 2016 )  403 – 410 
RUWKRJRQDOGLUHFWLRQ7KHLQFUHDVHLQWKHDQJOHRIVNHZQHVVIXUWKHUHPSKDVL]HVWKLVHIIHFW)LJXUHVDQGVKRZ




0RGH 6NHZR 6NHZR 6NHZR
 / 7 / 7 / 7UDQV
      
      
      
Ȉ      





LVNQRZQDV WKHSULQFLSOHRIVWURQJEHDPZHDNFROXPQ7KHSODVWLFKLQJHVZHUHH[SHFWHG WRRFFXU LQFROXPQV
ZKLOHLQWKHGHFNDQGIRXQGDWLRQWKHUHDUHQRVLJQLILFDQWSODVWLFLVDWLRQXQGHUWKHDFWLRQRIKRUL]RQWDOIRUFHV




WKH LPSRUWDQFH RI WKH IRUP RI WKH ORDG VFKHPH IRU DFFXUDF\ RI UHVXOWV RI WKH SXVKRYHU DQDO\VLV 7KH FXUUHQW
UHJXODWLRQ >@ SURSRVHV WZR ORDG VFKHPHV XQLIRUPO\ GLVWULEXWHG IRUFHV DQG GLVWULEXWLRQ SURSRUWLRQDO WR WKH
IXQGDPHQWDO YLEUDWLRQPRGH VKDSH7KHVH VFKHPHV DUH IL[HGGXULQJ WKH DQDO\VLV VR WKH IRUFH LQFUHPHQW UHPDLQV
SURSRUWLRQDOWRWKHLQLWLDOO\VSHFLILHGIRUPRIORDG
7KLV SDSHU XVHV DGDSWLYH SXVKRYHU DQDO\VLV >@ $W WKH HQG RI HDFK ORDG VWHS WKH IRUPV RI YLEUDWLRQ DQG
FRUUHVSRQGLQJSDUWLFLSDWLRQIDFWRURIWKHFRQVLGHUHGWRQHDUHFRPSXWHG,QWKLVZD\WKHQHZGLVWULEXWLRQRIVWLIIQHVV
LQ HDFK VWHSRI WKH ORDGZDV WDNHQ LQWR DFFRXQW DVZHOO DV WKH HIIHFWVRI WKH VKLIWHGYLEUDWLRQSHULRGV FDXVHGE\






LV WKH GLVSODFHPHQW RI WKH UHIHUHQFH SRLQW IURP OLQHDU DQDO\VLV IRU YDOXHV RI QRQUHGXFHG VHLVPLF IRUFHV E\ WKH
EHKDYLRXUIDFWRUT,QWKLVFDVHWKHWDUJHWGLVSODFHPHQWLVDSSUR[LPDWHO\HTXDOWRRIFROXPQGULIWP7KH
FROXPQGULIWLVFDOFXODWHGDVUHODWLYHGLVSODFHPHQWRIWKHFROXPQWRSDQGERWWRPGLYLGHGE\WKHFROXPQKHLJKW)RU
WKLV RUGHU RI GLVSODFHPHQW WKH EULGJH VWUXFWXUH SUDFWLFDOO\ MXVW HQWHUV WKH SODVWLF DUHD 7R H[DPLQH WKH VWUXFWXUDO
UHVSRQVHDIWHUWKHSODVWLILFDWLRQRIWKHFURVVVHFWLRQWKHODWHUDOUHVLVWDQFHZDVWHVWHGXSWRWKHPRPHQWRIH[FHHGLQJ




+RZHYHU WKH HIIHFW RI FXUYDWXUH LV QRW SDUWLFXODUO\ SURQRXQFHG LQ EULGJHV ZLWKRXW VNHZ FROXPQV )LJXUH D
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$IWHU SODVWLILFDWLRQ RI WKHVH FURVVVHFWLRQV WKH GHYHORSPHQW RI SODVWLF KLQJHV FRQWLQXHV LQ FURVVVHFWLRQV DW WKH
ERWWRP RI FROXPQV 6 DQG 6 7KH ILUVW \LHOG RI ORQJLWXGLQDO UHLQIRUFHPHQW RFFXUV ILUVW LQ WKH EULGJH ZLWK WKH
VPDOOHVW KRUL]RQWDO FXUYDWXUH 5  P DQG IRU WKH GULIW OHYHO RI ZKLOH WKH ILUVW \LHOG LQ WKH RWKHU WZR
EULGJHV5 PDQG5 LQIRFFXUVDWGULIWVRIDQG7KH8/6LVUHDFKHGWKHURWDWLRQFDSDFLW\RI
VHFWLRQVH[FHHGHGDWFROXPQGULIWVRIDQGZKLOHWKHFDSDFLW\RIGXFWLOLW\GLVSODFHPHQWLV
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&RQFOXVLRQV
0RGDODQDO\VLVDQGQRQOLQHDUVWDWLFDQDO\VLVDUHSRZHUIXOPHWKRGVLQDVVHVVLQJWKHEHKDYLRXURIEULGJHVWUXFWXUHV
LQ HODVWLF DQG LQHODVWLF DUHDRIGHIRUPDWLRQXQGHU WKH DFWLRQRIKRUL]RQWDO VHLVPLF IRUFHV%DVHGRQ WKH UHVXOWVRI
PRGDODQDO\VLVRIWKHFRQVLGHUHGEULGJHSURWRW\SHVLWZDVREVHUYHGWKDWUHGXFWLRQLQWKHUDGLXVRIFXUYDWXUHOHDGVWR
WKH UHGXFWLRQ LQ WKH SHULRG RI EDVLF YLEUDWLRQV RI WKH VWUXFWXUH5HGXFWLRQ LQ WKH UDGLXV RI FXUYDWXUH OHDGV WR WKH
LQFUHDVHLQFRPELQDWLRQRIPRGDOUHVSRQVHVLQWZRKRUL]RQWDOGLUHFWLRQV,QFUHDVLQJWKHDQJOHRIFROXPQVNHZQHVV
OHDGVWRWKHLQFUHDVHLQWKHSHULRGLQWUDQVYHUVHGLUHFWLRQDQGWRWKHGHFUHDVHLQWKHSHULRGLQORQJLWXGLQDOGLUHFWLRQ
ERWK LQ FXUYHG DQG VWUDLJKW7KURXJK WKH UHVXOWV RI QRQOLQHDU VWDWLF DQDO\VLV WKH SDUDPHWULF DQDO\VLV VKRZHG WKDW




FHQWUDO VSDQ7KH FDSDFLW\ RI GLVSODFHPHQW RI WKH EULGJH VWUXFWXUH GHFUHDVHVZLWK WKH WUDQVLWLRQ IURP WKH VWUDLJKW
EULGJHWRFXUYHGEULGJHE\DSSUR[LPDWHO\$WWKHVDPHWLPHWKHFDSDFLW\RIGXFWLOLW\RIVWUXFWXUDOGLVSODFHPHQW
DOVRGHFUHDVHVZKLOHWKHUHTXLUHPHQWVIRUGXFWLOLW\RIGLVSODFHPHQWVFDOFXODWHGLQUHODWLRQWRWKHWDUJHWGLVSODFHPHQW
DUH JURZLQJ 7DNLQJ WKH FDSDFLW\ RI GLVSODFHPHQW DQG WKH UHTXLUHPHQW IRU GXFWLOLW\ DV FULWHULRQ IRU DVVHVVLQJ
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